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170 SirS. F. W .  Herschel on the ,4etion of  the Rays 

and since x~ Yl _ (~ / (~-~6~1 i l l )  X l Y l j  consequently we have 

a'l Yl __ a a I y12-~ - (n~ f~q-at 1/~1) Xl ~/1"~ -/3/~1 2 1 2 -  ~ gl (~'~-/31) Yi --/~/~1 (a~-4-a:l) 21 -~-ttttl ~ ~1 
x 2 y  2 x, oh y2~-'~(ctl~+~l13x) xey2-}-J3,~l X22--o~etl (~+[~1)Y2- -{~31(a+/31)X2+~aa~l  

(~t . / ] l  "i"/~1 X l - - ~ 1 )  (6Cl ff l  "qt-tC~ ' Z ' 1 -  0~1 /3) . 

therefore, finally, 
(alyl+t3 x 1 - ~ 1  t3) x~ _ (~, y~+t31 x~ -a t31 )  21 

X X1 
But these are the values of ~ - -  and ~ obtained above, 

and therefore X YI -- X1 Y = O~ 
which is the criterion of the origin H,  and the points C and K 
being in the same straight line, therefore the points of inter- 
sectioa G, H,  K range in the Same straight l ine.  

X X V I I .  On the Action of  the Rays of  the Solar Spectrum on 
Vegetable Colours, and on some new Photographic Processes. 
B~u Sir J o a ~  F. W .  HERSCHEL, Bart., K.tY., F.tt.S. 

[Continued from p. 116.] 

202. I S H A L L  conclude this part of my subject by remarking 
on the great number and variety of substances which, 

now that attention is drawn to the subject, appear to be pho- 
tographically impressible. I t  is no longer an insulated and 
anomalous affection of certain salts of silver and gold, but one 
which doubtless, in a greater or less degree pervades all na- 
ture, and connects itself intimately with the mechanism by 
which chemical combination and decomposition is operated. 
The general instability of organic combinations might lead 
us to expect the occurrence of numerous and remarkable cases 
of this affection among bodies of that class, but among metal- 
lic and other elements inorganically arranged, instances enough 
have already appeared, and more are daily presenting them- 
selves, to justify its extension to all cases in which chemical 
elements may be supposed combined with a certain degree 
of laxity, and so to speak, in a state of tottering equilibrium. 
There can be no doubt that the process, in a great majority 
if not all the cases which have been noticed among inorgamc 
substances, is a deoxidizing one, so far as the more refrangible 
rays are concerned. It is obviously so in the cases of gold 
and silver. In that of the bichromate of potash it is most pro- 
bable that an atom of oxygen is parted with, and so of many 
others. A beautiful example of such deoxidizing action on a 
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of the Solar Spectrum on Vegetable Colours. • 171 

non-argentine compound has lately occurred to me in the ex- 
amination of that interesting salt, the ferrosesquieyanuret of  
potassium, described by Mr. Smee in tile Philosophieal Maga- 
zine, IS. 3.] No. 109, September'184.0, and whieh he has shown 
how to manufacture in abundance and purity by vohaie ac- 
tion on the common, or yellow ferroeyanuret. In this process 
nascent oxygen is absorbed, hydrogen given off, and the eha. 
raeters of the resulting compound in respect of the oxides of 
iron, forming as it does Prussian blue with protosalts of that 
metal, but producing no precipitate with its persahs, indicate 
an excess of electro-negative energy, a disposition to part with 
oxygen, or, which is the same thing, to absorb hydrogen (in 
the presence of moisture), and thereby to return to its pris- 
tine state, under eireumstanees of moderate solicitation, such 
as the affinity of protoxide of iron (for instance) for an addi- 
tional dose of oxygen, &e. 

203. Paper simply washed with a solution of this salt is 
highly sensitive to the action of light. Prussian blue is de- 
posited (the base being necessarily supplied by the destruction 
of one portion of the acid, and tile acid by the decomposition 
of another). After half an hour or an hour's exposure to sun- 
shine, a very beautiful negative photograph is the result, to 
fix which all that is necessary is to soak it in water, in which 
a little sulphate of soda is dissolved, to ensure the fixity of 
the Prussian blue deposited. While  dry, the impression is 
dove-eolour or lavender blue, whieh has a curious and striking 
effeet on the greenish yellow ground of the paper produced 
by the saline solution. After washing, the ground colour dis- 
appears, and the photograph becomes bright blue on a white 
ground. I f  too long exposed it gets " oversunned," and the 
tint has a brownish or yellowish tendency, which however is 
removed in fixing: but no increase of intensity beyond a cer- 
tain point is obtained by continuance of exposure. 

204,. Prismatie examination of this process demonstrates the 
remarkable and valuable fact, that the decomposition of the 
salt and deposit of Prussian blue is due to the action of the 
blue and violet rays, the less refrangible rays below the blue 
having absolutely no influence either to exalt or diminish the 
effect. The limits of action are about + 18"0 and + 61"0, 
fading insensibly both ways. The greatest intensity of ac- 
tion is at + 38. A feebler maximum occurs at + 23. The  
intensity of the impression is much increased by washing with 
aeidulated water,  still more if it hold in solution a little per- 
salt of iron; but in this ease the ground, if not very carefully 
defended from light, is blue. 

205. I f  a solution of this salt, mixed with perehloride of  
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179 Sir J. F. W.  Herschel on the Action of  the Rays 

iron in a certain proportion, be washed over paper somewhat 
bibulous and exposed to the spectrum, a copious and intense 
deposit of Prussian blue takes place over the region indicated 
in the last article. But it does not terminate there. On the 
contrary, the action is continued downwards in the spectrum, 
not only down to and beyond the extreme red rays, but far 
below, down to the very end of  the thermic spectrum (as far as 
the spot called $ in Art. 136, and even with some traces of the 
more remote spot ,). The formation of the deposited colom" 
in this region is accompanied with very singular phrenomena, 
referable obviously to the heat developed by the thermic spec- 
trum. Soon after the blue train, a b, fig. 9, [-Plate II.], in the 
positive region of the spectrum is formed, and has begun to 
acquire some intensity, an oval a, blunt at one extremity and 
pointed at the other, and of a dark brown colour, begins to ap- 
pear. It enlarges rapidly, and at the same time throws forth a 
projection fl, indicating the action of thatportion of the thermic 
spectrum so characterized in Art. 136. It also acquires a 
whitish narrow border, indicated by the dotted line, and very 
conspicuous on the green ground of the paper. The action 
continuing, the spot ~/is marked out by the extension of the 
border in that direction, soon after which the spot appears, 
in brown. Lastly appears ~ with feeble traces of further irre- 
gular and interrupted action. Measurements of these spots 
as they appear, leave no doubt of their identity in situation 
with the thermic spots a, fl, T, ~ of Art. 136, and that they 
are referable to the drying of the paper is shown by the fact, 
that a film of the liquid dried in a porcelain saucer changes 
fi-om green to dark brown at a definite point of dryness. 
Moreover, on wetting the paper, the brown spots disappear, 
and in their place we find a train of Prussian blue, of varying 
intensity, but of uniform breadth (not swelling and contracting, 
as is the case with the heat-spots formed by simple drying, 
and therefore obviously due to direct radiation), and termi- 
nating in two insulated and tolerably well-defined circular 
spots or solar images, holding precisely the places of V and 
(viz. at -- 35"7 and -- '~5"1). 

906. If  in lieu of the perchtoride of iron, we substitute a 
solution of that curious salt the ammonio-citrate of  iron, the 
photographic effects are among the most various and remark- 
able that have yet offered themselves to our notice in this 
novel and fertile field of inquiry. The two solutions mix with- 
out causing any precipitate, and produce a liquid of a brown 
colour, which washed over paper is green (being strongly di- 
chromatic). I f  this be done under the prism, the action of 
the spectrum is almost instantaneous~ and most intense. A 
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of  the Solar Spectrum on Vegetable Colours. 17'3 

copious and richly coloured deposit of Prussian blue is formed 
over the whole of the blue, violet, and extra-spectral rays in 
that direction, extending dqwnwards (with rapid graduation) 
almost to the yellow. I f  arrested when the blue is most in- 
tense and thrown ir~to water, the impression is fixed, as in the 
accompanying specimen (see fig. 10.). But if the action of 
the light be continued, strange to say, the blue and violet 
rays begin to destroy their own work. A ~vhite oval makes 
its appearance in the most intense part of the blue (fig. 11.), 
which extends rapidly upwards and downwards. At a certain 
point of the action, the upper or more refrangible extremity 
of the white impression exhibits a semicircular termination, 
beyond which is a distinct and tolerably well-defined conju- 
gate image, or insulated circular white spot, whose centre is 
situated thr beyond the extreme visible violet. 

'207. I f  paper washed over with the mixed solution in ques- 
tion is exposed wet to sunshine, it darkens to a livid purple 
and rapidly whitens again. I f  the exposure be continued, 
the white again darkens gradually to a brownish violet hue. 
But in the shade it slowly resumes its original tint, after which 
it is again and again susceptible of the same round of action. 
The most singular and apparent capricious varieties of colora- 
tion and discoloration however arise (as is so frequently the 
case in photographic experiments) from dif~hrent dosage of 
ingredients, order of washes, &c., so as to make the study of 
the phmnomena in a high degree complicated*. A certain 
adjustment of proportions gives an exquisite and highly sensi- 
tive positive photographic paper; another, a negative one, in 
which the impression of light, feeble at first, is strongly brought 
out afterwards by an additional wash of the ferrosesquicyanu- 
ret, &c. 

908. The ordinary ferrocyanuret (the yellow salt), though 
not nearly so sensible to photographic action, is yet far fi'om 
inert. In my former paper I have noticed its property of 
fixing against the further action of light, and ultimately de- 
stroying, photographic impressions on argentine papers. In 
conjunction also with preparations of silver, it has been made 
by Mr. Hunt  tlle basis of a highly sensitive photographic 
paper. Its habitudes per se are, however, not a little remark- 
able. Paper simply washed with its fresh solution and ex- 

t The whitening is very obviously due to the deoxidation of the preci- 
pitated Prussian blue and the formatio n of the proto-ferrocyanuret of iron ; 
tlle resumption of colour in the shade, to the re-oxidizement of this com- 
pound, which is well known to absorb oxygen from the air with avidity. 
Simple Prussian blue, however, is not whitened by the violet rays. Its 
~tate must be peculiar. (See Postscript.) 
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174 Sir J. F, W .  Herschel on the Action of  the Rays 

posed to the spectrum, slowly receives a deposit of Prussian 
blue over the region of the blue, violet, and " lavender"  rays : 
but this never becomes intense; another series of changes 
commencing, indicated by the fbrmation of a violet-coloured 
streak within the blue, just where the violet itself is most in- 
tense in the spectrum. If  the solutiou be very t~ebly acidu- 
lated with sulphuric acid, the first portion only of the spectral 
impression (from + 13"3 to + "20"0)is blue, the whole of the 
remainder (extending to + 51) snuff brown. The (lose of 
acid being increased, the exposure prolonged, and the liquid 
plentifully supplied, a green thermic impression is produced 
by the less refrangible rays, in which the spots a,/3, Y are very 
distinct, and lie exactly (by measure) in their propel" places. 
"/his impression continues as far as the zero point, where it 
begins to pass into blue, and graduates insensibly into the 
photographic spectrum, which attains its maximum of blue at 
+ 25, and is thence prolonged onwardsas a dull bluish streak 
on a brown ground, somewhat broader than itself, and pro- 
jecting like a border on both sides. 

209. I f  paper be washed with a solution ofammonlo-eitrate 
of iron and dried, and then a wash passed over it of the yellow 
ferrocyanuret of potassium, there is no immediate formation 
of true Prussian blue, but the paper rapidly acquires a violet 
purple colour, which deepens after a few minutes, as it dries, 
to almost absolute blackness. In this state it is a positive 
photographic paper of high sensibility, and gives pictures of 
great depth and sharpness, but with this peculiarity, that they 
darken again spontaneously on exposure to air in darkness, 
and are soon obliterated. The paper, however, remains sus- 
ceptible to light and capable of receiving other pictures, which 
in their tm'n fade, without any possibility (so far as I can see) 
of arresting them ; which is to be regretted, as they are very 
beautiful, and the paper of such easy preparation. I f  washed 
with ammonia or its carbonate, they are for a f~w moments 
entirely obliterated, but presentlu reappear, with reversed lights 
and shades. In this state they are fixed, and the ammonia, 
with all that it will dissolve, being removed by washing in 
water, their eolour becomes a pure Prussian blue, which 
deepens much by keeping. I f  the solutions be mixed there 
results a very dark violet-coloured ink, which may be kept 
uninjured in an opake bottle, and will readily thrnish, by a 
single wash, at a moment's notice~ the positive paper in ques- 
tion, which is most sensitive when wet. 

2tO. It seems at first sight natural to refer these curious 
and complex changes to the instability of the cyanic com- 
pounds, and that this opinion is to a certain extent correct, is 
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of  the Solar Spectrum on Vegetable Colours. 1~5 

proved by the photographic impressions described in Arts. 
20¢ and 209, where no iron is added beyond what exists in the 
ferrocyanic salts themselves. Nevertheless the following ex-, 
periments abundantly prove that in several of the changes 
above described, the immediate action of the sola r rays is not 
exerted on these salts, but on the iron contained in the ferru- 
ginous solution added to them, which it deoxidizes or other- 
wise alters, thereby presenting it to the fqrrocyanic salts in 
such a form as to precipitate the acids in combination with 
the peroxide or protoxide of iron, as the case may be. To 
make this evident~ all that is necessary is siatply to leave out 
theferrocganate in the preparation of the paper, which thus 
becomes reduced to a simple washing over with the ammonio- 
citric solution. Paper so washed is of a bright yellow colour~ 
and is apparently little, but in reality highly sensitive to pho- 
tographic action. Exposed to strong sunshine for some time 
indeed, its bright yellow tint is dulled into all ochrey hue, or 
even to gray, but the change altogether amounts to a moderate 
per-centage of the total light reflected, and in short exposures 
is such as would easily escape notice. Nevertheless, if a slip 
of this paper be held for only four or five seconds in the sun 
(the efi~ct of which is quite imperceptible to the eye), and 
when withdrawn into the shade be washed over with the fer- 
rosesquicyanate of potash, a considerable deposit of Prussian 
blue takes place on the part sunned, and none whatever on 
the rest, so that on washing the whole with water, a pretty 
strong blue impression is left, demonstrating the reduction of 
iron in that portion of the paper to the state of protoxide. 
The effect in question is not, it should be observed, peculiar 
to the ammonio-citrate of iron. The ammonio- and potasso- 
tartrate fully possess, and the perchloride exactl 9 neutralized 
partakes of the same property : but the experiment is far more 
neatly made and succeeds better with the other salts. 

211. I f  a long strip of paper, prepared as in the last artiele~ 
be marked off into compartments and subjected to graduated 
exposure to sunshine, so that the times of' exposure in each 
succession shall form an arithmetical progression of 1 m, 2 m, 8~c.~ 
and when withdrawn washed over as aforesaid with the t~rro- 
sesquicyanuret and rinsed in water, the blue deposit is found 
to increase with the time of exposure up to a very deep and 
full colour, after which its total intensity, so far from increa- 
sing, diminishes, and at length almost vanishes. Again, i f a  
slip of the same paper be exposed a long while to the spectrum, 
the whole impression consmts in a feeble ochrey-brown streak~ 
extending over the region of the blue, violet and lavender ray..s 
as far as about + 55. Bu~ on the application of the cyanm 
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176 Sir J. F. W.  Herschel on the Action of the Ra~s 

solution (in the shade) a most intense blue spectrum is de- 
veloped over the whole of the more refrangible region, in the 
interior of which the blue colour appears to have been, as it were, 
eaten away, leaving a White oval, as in the specimen annexed ; 
precisely the same ph~enomenon, in short, as would have been 
produced under the spectrum had the two liquids acted in 
conjunction. And this white portion comports itself under 
the influence of water or air, just as it would have done had 
it been produced under such joint action; i. e. it gradually 
turns blue till it is no longer distinguishable from the rest of 
the spectrum. It is also blued by ammonia, just as the posi- 
tive paper of Art. 210, after bleaching, would be, &c. In 
short, it is evident that we have succeeded in separating the 
final action described in that article into two dis~tinct steps or 
stages, the photographic influence being confined to the first, 
and the ferrosesquicyanate acting as a mere precipitant on the 
nascent compounds resulting from that influence. 

212. In order to ascertain whether any portion of the iron 
in the double ammoniacal salt employed had really undergone 
deoxidation, and become reduced to the state of protoxide as 
supposed, I had recourse to a solution ot' gold, exactly neu- 
tralized by carbonate of soda. The proto-salts of iron, as is 
well known to chemists, precipitate gold in the metallic state. 
The effect proved exceedingly striking, issuing in a process 
no wise inferior in the almost magical beauty of its effect to 
the calotype process of Mr. Talbot, which in some respects 
it nearly resembles, with this advantage, as a matter of experi- 
mental exhibition, that the disclosure of the dormant image 
does not require to be performed in the dark, being, not inter- 
fered with by moderate daylight. As the experiment will 
probably be repeated by others, I shall here describe it ab 
initio. Paper is to be washed with a moderately concentrated 
solution of ammonio-citrate of iron, and dried. The strength 
of the solution should be such as to dry into a good yellow 
colour, not at all brown. In this state it is ready to receive 
a photographic image, which may be impressed on it either 
from nature in the camera-obscura, or from an engraving on 
a fi'ame in sunshine. The image so impressed, however, is 
very faint, and sometimes hardly perceptible. The moment 
it is removed from the fi'ame or camera, it must be washed 
over with a neutral solution of gold of such strength as to 
have about the colour of sherry wine. Instantly the picture 
appears, not indeed at once of its full intensity, but darkening 
with great rapidity up to a certain point, depending on the 
strength of the solutions'used, &c. At this point nothing can 
surpass the sharpness and perfection of detail of the resulting 
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of  the Solar Spectrum on Vegetable Colour,. 177 

photograph. To arrest this process and to fix the picture 
(so far at least as the further agency of light is concerned), it 
is to be thrown into water very slightly acidulated with sul- 
pburie acid and well soaked, dried, washed with hydrobro- 
mate of potash, rinsed, and dried again. 

21S. Such is the outline of a process to which I propose 
applying the name of Chr.qsotype, in order to reeal by similarity 
of structure and termination the Calotype proeessof Mr.Talbot, 
to which in its general effect it affords so close a parallel. Being 
very recent, I have not yet (June 10, 18~2) obtained a com- 
plete command over all its details, but the termination of the 
Session of the Society being elose at hand, ] have not thought 
it advisable to suppress its mention. Ill point of direct sensi- 
bility, the Chrysotype paper is certainly inferior to the Calo- 
type; but it is one of the most remarkable peculiarities of 
gold as a photographic ingredient, that extremelgfeeble im- 
Tressions once made by light, go on afterwards darkening spon- 
taneously, and very slowly, apparently without limit, so long 
as the least vestige of unreduced chloride of gold remains in the 
paper ~. To illustratethis curious and (so far asapplications go) 
highly important property, I shall mention (incidentally) the 
results of some experiments made during the late fine weather, 
on the habitudes of gold in presence of oxalic acid. It is well 
known to chemists that this acid heated with solutions of gold 
precipitates the metal in its metallic state ; it is upon this pro- 
perry that Berzelius has founded his determination of the 
atomic weight of gold. Light, as well as heat, also operates 
this precipitation ; but to render it effectual, several conditions 
are necessary : - - l s t ,  the solution of gold must be neutral, or 
at most ve~ slightly acid ; 2nd, the oxalic acid must be add- 
ed in the form of a neutral oxalate; and 3rdly, it must be 
present in a certain eonsiderable quantity, which quantity 
must be greater, the greater the amount of free acid present 
in the chloride. Under these conditions, the gold is pre- 
cipitated by light as a black powder if the liquid be in any 
bulk, and if merely washed over paper a stain is produced, 
which, however feeble at first, under a certain dosage of the 
chloride, oxalate, and free acid, goes on increasing from day 
to day and from week to week, when laid by in the dark, and 
especially in a damp atmosphere, till it acquires almost 
the blackness of ink; the unsunned portion of the paper 
remaining unaffected, or so slightly as to render it almost 

* Subsequent experiments have convinced me that this property cannot 
be taken advantage of to increase the intensity of the ehrysotype impres- 
sion, however it may be available in ether processes. Note added during 
the printing, J. F.W.H. 

Phil. Mag. S.S. Vol.22. No. 144. March 1843. N 
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178 Sir J. F. W.  Herschel on the Action of  the Rays 

certain that what little action of the kind exists is due to the 
effect of casual dispersed light incident in the preparation of 
the paper. I have before me a specimen of paper so treated, 
in which the effect of thirty seconds exposure to sunshine was 
quite invisible at first, and which is now of so intense a purple 
as may well be called black, while the unsunned portion has 
acquired comparatively but a very slight brown. And (which 
is not a little remarkable, and indicates that in the time of 
exposure mentioned the maximum of effect was attained) other 
portions of the same paper exposed in graduated progression 
for longer times, viz. I m, 2 TM, and 3 m, are not in the least per- 
ceptible degree darker than the portion on which the light 
had acted during thirty seconds only. 

214. The very remarkable phtenomenon, described in Art. 
208. of a second darkening, different in character and colour, 
coming on after, the bleaching, effect of solar light has been 
fully completed, is not wxthout a parallel among the argentine 
compounds. I refer to the action of the hydriodie saltson aagen- 
tine papers completely blackened by exposure to sunshine, an 
action imperfectly described in f 5. of my former paper (Art.94 
et seq.), and signalized as to one of its most striking peculia- 
rities in Note 2, Art. 129. of that communication. To study 
the pha~nomena of this action in their simplest form, a paper 
prepared without iodine, and of a positive character is re- 
quired. The simplest and most convenient is that prepared 
by Mr. Hunt  with one wash of muriate of ammonia, two of 
nitrate of silver*, and exposure to sunshine. With  such paper 
(obligingly furnished me by Mr. Hunt  himself) I made the 
following exper!ments. 

215. Exposed to the spectrum and washed with a solution 
of hydriodate of potash too weak fully to excite it % two con- 
trary actions were produced by the rays above and below the 
zero point or mean yellow. By the former the paper began 
to be bleached at a point distant + 26"5 parts from the zero, 
from which point the bleaching extended gradually upwards to 
a considerable distance, and downwards to the circumference 
of a semicircle, having that point for a centre. By the latter 
the paper was darkened (at least in comparison with its general 
surface, which, purposely subjected to dispersed light, had be- 
gun to Iose much of its original intense blackness),the darkness 
spreading also upwards and downwards : upwards till it passed 
the zero point, and nearly or quite attained the semicircle above 
mentioned ; and downwards to about -- 19, or -- 20 parts. As 

* Muriate of ammonia forty grains~ water four ounces ; nitrate of silver 
sixty grains, water one ounce. 

t Ioduret of potassium sixty grains, water one ounce. 
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o f  the Solar Spectrum on l/egetable Colours. 179 

the paper dried the action seemed to be suspended. It be- 
came therefore necessary to renew the hydriodie wash, and 
thereby to increase the actual quantity of that salt present on 
the paper. Both actions grew more intense, but the bleaching 
effect most so. A perfect semicircle and long cometic train, c, 
d, fig. 12, No. 1, (Plate II.), was produced, within which space 
the blackness of the paper was totally destroyed, and replaced 
by white or rather very pale yellow. The hydriodic washes 
being again and again renewed, the darkness at first pro- 
dueed in the lower part  of the spectrum began to give way, 
and was slowly replaced by a very feeble bleaching, which at 
length extended very far indeed below the extreme red rays, 
and upwards to join the semicircle C fig. 12, No. 2, which 
had by this time assumed an outline perfectly sharp and well- 
defined, having its centre on the original point + 26"5 of its 
commencement. But within this semicircle and its train, re- 
markable changes were observed to be all the while in pro- 
gress. First, a somewhat dark, and grayish or brownish, 
perfectly eireuiar and well-defined solar image arose, its dia- 
meter being somewhat less than that of the semicircular ter-- 
minations, so as to leave a clear and distinct white border all 
around it, as represented by the dotted line in fig. 12, No. 2. 
Shortly after the complete formation of this spot, i. e. after its 
circular outline could be distinctly traced all round, it began 
to extend itself upwards into an oval or tailed form, but pre- 
serving its circular shape below and maintaining the white 
border inviolate, assuming at the same time a brownish yellow 
eolour which gradually deepened, but never became intense. 
At the same time a very remarkable change was observed to 
take place in the reflective (o1" absorbent) powers of the paper 
in this region. The violet-eoloured end of the spectrum, 
which hitherto had been distinctly seen as usual occupying 
the space from + 30 to + 4..0"6, became quite indiscernible, 
while on the other hand the blue rays adjoining became re- 
fleeted with such copiousness as to tern~inate the spectrum by 
a well-defined semicircle e, fig. 12, No. 3, and to give to the 
whole portion c e the appearance of a brilliant and purely 
blue spot. Finally, after long-continued action, the interior 
browned oval above-mentioned was found to have been pro- 
longed into a figure of the form No. 4, fig. 12 (distinctly seen 
at the back of the paper), of which the termination by a nar- 
row neck and circular enlargement indicates the definite ac- 
tion of a ray much further removed along the axis of the 
spectrum. Washing with water at once obliterates this part 
of the ph~enomenon, destroys the brown eolour, and leaves 
~imply the bleached cometic train, in singularly striking con- 

N 2  
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180 Prof. Bunsen on Kakodylic Acid, 

trast with the dark ground of the paper. Specimens of the 
spectrum itself are subjoined for inspection. 

216. The  black positive paper used in the above experiment 
(which has been often repeated with the same results) con- 
tains fi'ee nitrate of silver. I f  this be washed out, the dark- 
ening at the lower end of the spectrum is not produced, but 
in its place the feeble subsequent bleaching in the region 
above-mentioned commences at once. And if besides washing 
with mere water, the paper be subsequently washed with a 
neutral hyposulphite to remove all chloride of silver, it is re- 
duced to a state of perfect insensibility. I t  is therelbre to this 
latter element that the direct action of the bleaching rays is 
to be referred. A few months' keeping also destroys the po- 
sitive sensibility of the paper in question entirely. 

Collingwood, June 13, 1842. J . F . W .  HERSCHEL. 
[The Postscript of August 29 will follow in continuation.] 

X X V I I I .  On Kakodylic Acid, and the Sulphurels o/" Kakodgle. 
By Professor BunsEN*. 

N my former researches t on the kakodyle compounds I pro- 
eeeded upon the supposition that the base contained in 

them was a ternary radical having the formula C 4 H ~ As u ; and 
I have done myself the honour of laying before the last meet- 
ing at Plymouth, the results of a very tedious and at the same 
time dangerous series of researches, by which I have proved 
that this radical can not only be separated from its compounds, 
but  that it also possesses the property in common and in a 
precisely similar manner with the simple metals, of combi- 
ning directly with the other bodies. If; then, on the one hand 
we arrive at the firm conviction that the theory of organic 
radicals is no longer a hypothetical fiction, but the expres- 
sion of facts which do not allow of any other interpretation, 
the study of the kakodyle series acquires on the other hand 
an importance with respect to the theory of the science which 
calls for the most careful examination of its compounds. 
I have therefore directed my attention to the higher com- 
pounds of the radical, and have arrived at results no less in- 
teresting, and to which I should the more wish to direct the 
attention of this meeting, as they stand in exact opposition to 
the views which the new French school of chemistry has en- 
deavoured to introduce into the science. 

* Read before the Chemical Section of the British Association at tile 
Manchester Meeting and communicated by Prof. Croft. 

t' See Phil. Mag. S. 3. vol. xx. p. 38~2, 395.--Em~. 
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